MALEIC ACID AND ETHYLENE UREA CONTAINING FORMULATION FOR 
REMOVING RESIDUE FROM SEMICONDUCTOR SUBSTRATE AND METHOD 

FOR CLEANING WAFER 

BACKGROUND OF THE INVENTION 

1. Field of the Art 

[0001] The present invention relates generally to a chemical formulation 
used in semiconductor wafer fabrication and parHcufarly to a chemical fonnulation that 
is utilized to remove residue from wafers following a resist ashing process. More 
specifically, the present invention relates to a cleaning formulation for removal of 
residue from semiconductor wafers containing delicate copper interconnect and low-k 
or uKra low-k interlayer dielectrics structures. 

2. Description of the prior art 

[0002] As the design rule of semiconductor wafer getting smaller, Cu 
interconnect and low-k or ultra low-k interlayer dielectrics are developed to improve 
device performance, Cu/low-k single damascene or dual damascene wafer is 
fabricated by etching and ashing process. 

[0003] The prior art tells the utilization of various chemical formulations to 
remove residue and dean wafers following a resist ashing process. Some of these 
prior art chemical formulations are based on alkaline amiries (US patent No. 5334332) 
and ammonium fluoride (EP patent No. 662705). Still other chemical formulations 
are based on organic carboxyiic acids (US publicatton No. 2003/0143495 A1). 
These various prior art chemical formulations have drawbacks that include unwanted 
removal of metal like Cu or low-k and ultra low-k insulator layers whose k-value are 
less than 3.0. There is therefore a need for chemk;al formulattons that effectively 
remove residue following a resist ashing process and do not affect on metal and iow-k 
and uKra low^k insulator layers. 

SUMMARY OF THE INVENTION 
[0004] The present invention relates gmerally to a chemical formulation 
used in semiconductor wafer fabrication and particularty to a chemical fomiulatfon that 
is utilized to remove resMue from wafers foltowing a resist ashing process. Namely, 
the present invention relates to the following invention (1) to (25): 
(1) A semiconductor wafer cleaning formulatton for use In semteonductor febrication 



comprising fotbwing components: maleic acid, and ethyl n urea (2-imidazolidon ); 

(2) The d aning fomiulation as described in (1), further comprising water 

(3) Th cleaning formulation as described in (2), comprising 1-9% by weight of mal ic 
acid and 1-20% by weight of ethylene urea; 

(4) The cleaning formulation as described in (2), further comprising at least one 
organic carboxylic acid except maletc acid and at least one organic amine except 
ethylene urea; 

(5) The cleaning formulation as described in (4), comprising 1-9% by weight of maleic 
add. 1-20% by weight of ethylene urea, 1-20% by weight of at least one organic 
carboxylic add except maleic add, 1-50% by weight of at least one organic amine 
except ethylene urea, and 20-70% by we^ht of water; 

(6) The deaning formulation as described in (4), wherein the organic carboxylic acid te 
selected from the group consisting of formic add (FA), acetic add (AA) and propionic 
acid (PA); 

(7) The cleaning formulation as described in (4), wherein the organic amine is 
selected from the group consisting of hydroxyethylpiperazine (HEP), 
hydroxypropylpiperazine (HPP), aminoethylpiperazine (AEP)^ aminopropylpiperazine 
(APP), hydroxyethylmorphollne (HEM), hydroxypropylmorpholine (HPM). 
aminoethylmorphoDne (AEM), aminopropylmorpholine (ARM), triethanolamine (TEA), 
pentamethyldiethylenetriamine (PMDETA), dimethylaminoethoxyethanoi (DMAEE), 
aminoethoxyethanol (AEE), trimethylamlnoethylethanolamlne (TMAEEA). 
trimethylaminopropylethanolamlne (TMAPEA). N-(2-cyanoethyl)ethyIenediamine 
(CEEDA), and N-(2-cyanopropyl)ethylenedlamine (CPEDA). 

(8) The deaning formulation as described in (4), further comprising at least one 
selected from the group consisting of an organic soh^ent a chelating agent and 
a surfactant 

(9) The cleaning fonnulation as described in (8), wherein the organic solvent the 
chelating agent and the surfadant are contained in an amount by weight of 1-20%, 
0,01-6% and 0.01-0^%, respectively. 

(10) TTie cleaning formulation as described In (8), wherein the organic solvent Is 
selected from the group consisting of 1 ,4-butanediol (1 .4'BD). 1 ,3-butanediol (1 ,3-BD). 
ethylene glycol (EG), propylene glycol (PG), N-methyipyrorldone(NMP), 
y-butyrolactone (GBL), propylene glycol monomethylether (PGME), and propylene 
glycol monomethylether acetate (P6MEA). 

(11) The cleaning formulation as descn'bed in (8), wherein the chelating agent is 
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selected from the group consisting of ascorbic add, gluconic add, mannitol, sorbitol, 
and boric add. 

(12) Th deanfng fonnulatfon as described in (8), wherein the surfactant is selected 
from the group consisting of (d-CIO) alkyi glucosldes. 

(13-24) A method for deaning a wafer comprising cleaning the wafer by using the 
chemical fomriulation as described in any one of (1)-(12). 
(25) The method as descn'bed in (13), wherein the cleaning is carried out after a 
following process: (0 making via hole with etching and ashing process; (ii) making 
trench with etching and ashing process; (iii) punching of etch stopper layer; or 
(iv) CMP process after Cu deposition. 

[0006] The present inventkHi relates to formulations that are used in 
$emk»nductor wafer fabrication, particularly that are suitable for removing residue 
from wafers following a resist ashing process. Especially, these fomiulations are 
efTective in the cleaning of dual damascene wafer. Fabricatk3n processes of dual 
damascene structure wafer are as follows: (i) after depositions of etch stopper layer, 
inter layer dielectrics (ILD) and photo resist, a via hole is constructed by etching and 
ashing; (ii) filling a photoresist or other material in the via hole, arui trench structure is 
constructed by the same process as above; (ill) etch stopper layer Is removed by 
punching; and (iv) after filling Cu Into the via hole and trench, overfilled Cu Is polished 
by chemical mechank^al polishing (CMP) process. After each of (i) to (iv) processes, 
cleaning processes are carried out The formulation of the present invention is 
available in all deaning processes mentioned above. 

[0006] it Is an advantage of the formulation of the preserrt invention that it 
effectively removes reskJue fbllowing a resist ashing process. 

[0007] K is another advantage of the fomnulation that it eftectively removes 
residue espedally etch stopper punching residue follov^ng a resist ashing process. 
The etch stopper punching residue is often difficult to be completely removed without 
any damage on Cu and low-k and ultra low-k insulator layers. But the formulation 
can remove such an etch stopper punching resMue v^nthout any damage thereon. 

[000^] It is a further advantage of the formulation that it effectively removes 
metal oxide like Cu oxkle or metal halides like Cu fluoride foltowing a resist ashing 
process. 

[0009] It is a further advantage of the formulatton that it effectively removes 
metal oxide like Cu oxMe remaining after CMP. 

[0010] it is yet another advantage of the fomriulation that it provides residue 
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r moval p rformance with less corrosivity on Cu than conv ntional acidic ch micals. 

[0011] It is yet a further advantage of th fonnulation that it provides residue 
r moval performance with less corrosivity on low-k and ultra low-k insulator layers 
than conventional amine-based and ammonium fluoride-based chemicals. 

[0012] It is yet another advantage of the formulation that it provides residue 
removal performance with lower temperature than conventional addrc chemicals. 

[001 3] It is yet a further advantage of the formulation that it provides residue 
removal performance with shorter treatment time than conventional amine-based and 
ammonium fluoride-based chemicals. 

[0014] These and other features and advantages of the formulation will 
t>eoome understood to those of ordinary sidll in the art upon review of tfie following 
detailed description of tlie preferred embodiments. 

DESCRIPTION OF THE PREFERRED EI^BODIMENTS 
[0015] The present invention provides formulations that are suitable for 
removing wafer residue which originate from higivdensity plasma etching followed by 
ashing. The formulation comprises maleic aotd and ethylene urea as essential - 
components. The preferred formulation is composed of maleic acid, ethylene urea 
and water That is, it is prefaned that the fomiulation of the present Invention is in a 
fonn of an aqueous solution. In addition, the preferred formulation Is composed of 
maleic acid, ethylene urea, at least one cart^oxylic acid except maleic acid, at least 
one other organic amine except ethylene urea and water. This fbnmulation can 
optionally comprise one, two or all of an organic solvent, a chelating agent and a 
surfactant. 

[0016] The preferred formulations have the following components 
(percentage by weight); 

(a) Maleic acid 1-9%: 

(b) Ethylene urea 1 -20%; 

(c) Water 20-70%; 

(d) At least one organic carboxylic add except maleic acid 1 -20%; 

(e) At least one organic amine except ethylene urea 1 -50%; 

(f) At least one organic sotvent 1-20%; 

(g) At least one chelating agent 0.01 -6%; 

and 

(h) Surfactant 0.01-0.2%. 



[0017] Th preferred organic oarboxylrc acids are formic acid (FA), acetic 
acid (AA) and propionic acid (PA). 

[0018] The prefenred organic amines are hydroxyethylpiperazine (HEP), 
hydroxypropylpiperazine (HPP), aminoethylplperazine (AEP), aminopropylpiperazine 
(APP), hydroxyethyimorphollne (HEM), hydroxypropyimorpholine (HPM), 
aminoethylmorphofine (AEM), aminopropyimorpholine (APM), triethanolamine (TEA), 
pentamethyldiethylenetriamtne (PMDETA), dimethylaminoetHoxyethanol (DMAEE), 
amrnoethoxyethanol (AEE), trimethylaminoethylethanoiamine (TMAEEA), 
trimethylaminopropylethanbiamfne (TMAPEA), N-(2-cyanoethyl)ethylenediamind 
(CEEDA) and N-(2-cyanopropyl)ethyienediamine (CEEDA). 

[0019] The preferred organic soh/ents are 1,4-butariediol (1,4-BD), 1,3- 
butanediol (1 ,3-BO), ethylene glycol (EG), propylene glycol (P6), NMP, 
Y4>utyrolactone (GBL), POME and PGMEA. 

[0020] The preferred chelating agents are ascorbic add, gluconic acid, 
mannitol, sorbitoi and t>oric acid. 

[0021] The preferred surfectants are (C1-C1 0) alkyi glycosides. 

[0022] Treatment temperature of the formulation is not limited while it could 
remove residue completely. The preferred treatment temperature is 21-40'^C. 

[0023] Treatment time of the fomiulation is not limited while it ooukJ remove 
residue completely. The preferred treatment time is 1-5 min 

[0024] Treatment procedure of the formulation Is not limited while it contact 
to the surface of wafer The formulation can be suitably applied to t>atch process or 
single wafer process- 

[0026] The formulation can be used for residue removal in semiconductor 
fabrication, for example it is useful for (1) cleaning process after plasma etch of low-k 
and ultra low-k insulator layer and other layers, (2) cleaning process after plasma etch 
of etch stopper layer, (3) cleaning process after ashing a resist from the surface of the 
wafer, (4) cleaning process after Cu CMP process. 

EXAMPLES 

[0026] The present invention is explained with some examples described 
t>elow, but this invention is not limited to these examples. 
(1) Cu oxide rerTK>vai test 

[0027] Cu blanket wafers were treated wfth 02 plasma (250''C, 120 sec) and 
Cu oxUe wafers were prepared. Each wafer was immersed into various formulations 
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( xamples 1-14, comparativ examples 1-5) at 40''C, 2 min. After that each wafer was 
rinsed with deionrzed water and dried. Cu oxide removal abflrty was detemiined with 
optical microscopic observation and oxidization state of Cu surfeoe m asured with X- 
ray photoelectron spectroscopy (XPS; Shimadzu ESCA-3200). 

[0028] The components of examples 1-13 and comparative example 1-^ aie 
shown in Tables 1-3. And the judgments of Cu oxide removal ability are described 
below: 

R: Removed; Yellow colored surface of wafer (from OM observation). No Cu (II) peaks 
in XPS spectra. 

NR: Not Removed; Red colored surfece of wafer, remain of Cu (II) peaks in XPS 
spectra. 



Table 1 (Each value shows percentage by weight) 
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TabI 2 



Comparativ 
example 
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2 
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55 
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Malonic add 
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Ethylene urea 
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Cu oxide removal 




Tables 








C om Dd rat fve 
example 
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Ammonium Ruoride 
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-monomethylether 


10 






Monoethanolamine 
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DImethylsulfbxide 




70 




Cu oxide removal 


NR 


NR 





(2) Residue removal test 

[0029] Cu/low-k patterned wafers after punching the etch stopper layer were 
used for evaluation of the formulation of the present invention. The wafers vrare 
immersed into any one of the formulations of Examples 1-13 at 4p''C for 5 min. After 
the each wafer was rinsed with deionized water and dried, residue removal ability or 
Cu, low-^ or ultra low-k oorrosivity was determined with scanning electron microscopic 
(SEM) observation. 

[0030] The formulations of the present invention could remove residue 
without any corrosion of Cu, low-k or ultra low-k. Sidewall polymer residue could also 
be removed simultaneously. 

[0031] As mentioned above, it is clear that the formulations of the present 
invention are excellent in k>w corrosivity and removal ability of residue in a wafer 
cleaning process. 

[p032] While the present inventbn has t>een described with reference to 
certain preferred embodiments, it will be understood by those skilled In the art that 
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various alternations and modifications may be made therein without departing from 
the tru spirit and scope of the invention. It is therefore intended that the following 
claims cover all such alternations and modifications, which nev rtheless include the 
true spirit and scope of the invention. 
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